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I. Introduction
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FRQWDLQHUVDWFDOOLQJSRUWVDVSODQQHG$IWHUZDUGVGLVFKDUJHGFRQWDLQHUVDUH
ORDGHGRQWUXFNFKDVVLVIRU¿QDOGHVWLQDWLRQDWFRQVLJQHHGRRU





















WKDW WKHUHKDYHEHHQVXEVWDQWLDOSXEOLFVHFWRU LQYHVWPHQWV LQURDGZD\DQG
UDLOZD\LQIUDVWUXFWXUHIRUWKHODVWVHYHUDOGHFDGHV+RZHYHUWKHVHDZD\KDV
WHQGHGQRW WREHVXSSRUWHGWRDQ\ZKHUHQHDU WKHVDPHGHJUHHDQGLQPRVW
FDVHV WKHVHDZD\KDVEHHQ LJQRUHG LQSDUWGXH WR WKHPLVWDNHQDVVHUWLRQ
E\SROLF\PDNHUV WKDW WKH VHDZD\ UHSUHVHQWV VRPHNLQGRI IUHHKLJKZD\
7KHHYROYLQJ(86HD0RWRUZD\V3ROLF\ WRVRPHH[WHQW UHFRJQLVHV WKHVH
GLVWRUWLRQVDQGPHFKDQLVPVDUHQRZEHLQJSXW LQSODFH WRHQDEOHFRDVWDO
VKLSSLQJ WRGHYHORSPXFKIXUWKHU5HFRJQLWLRQ WKDWVKRUWFRDVWDOVKLSSLQJ
UHSUHVHQWV WKHRQO\UHDOKRSH LQKROGLQJEDFN WKHGUDPDWLFJURZWK LQURDG
IUHLJKW WUDQVSRUW WKURXJKRXW WKH(8 UHIOHFWV WKH IDFW WKDWSROLF\ LVQRZ
EHJLQQLQJWRPRYHYHU\SRVLWLYHO\LQIDYRXURIPDULWLPHLQWHUPRGDOWUDQVSRUW
VROXWLRQV 5HFHQW(8IXQGHG UHVHDUFKRQ WKH VXEMHFWRI VHDPRWRUZD\V
UHÀHFWVWKLVVKLIWDQGKLJKOLJKWVWKHLPSRUWDQWUROHRIWKH(8LQWKLVUHJDUG
ZKLOVWDQDO\VLVRIVHDPRWRUZD\V LQSUDFWLFHGHPRQVWUDWHV WKHVXEVWDQWLDO












KDYHD WLJKWGHOLYHU\ZLQGRZDQGVR WUDQVLW WLPH LV LPSRUWDQW$FFRUGLQJ
WRVLWHVXUYH\SHUFHQWRIWKHVKLSSHUVDUHXQOLNHO\WRVZLWFKWRVKRUWVHD
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KDOIRIWKRVHLQGLFDWLQJLWWREHVHULRXVHQRXJKWRHQFRXUDJHWKHPWRFRQVLGHU
VZLWFKLQJWRVKRUWVHDVKLSSLQJ2QOHYHOVRISULFHGLVFRXQWLQJGRHVQRWQHHG
WREHDV ODUJHDV IRXQG LQ(XURSH7KHUHVHDUFK LQGLFDWHV WKDWDSSURSULDWH




FRQFOXGHGWKHLQWHUPRGDO WUDQVSRUWDWLRQLV WKHZD\WRSUHYHQW WKHHPLVVLRQ
DQGFRQJHVWLRQWKDQDOOURDGDOWHUQDWLYHWUDQVSRUWDWLRQ&RQFOXVLYHO\WKHWKHVLV
VXPPDUL]HG WKHEHQHILWRI LQWHUPRGDO WUDQVSRUWDWLRQE\VKRUWVHDVKLSSLQJ
LQGXVWU\QRWRQO\UHGXFHWKHFRQJHVWLRQDQGSROOXWLRQEXWDOVRSURGXFHWKH
HFRQRPLFYDOXH WKDQE\ WKHURDG WUDQVSRUWDWLRQ ,Q WKHVHVVLRQ WKHUHDVRQ





III. The Dimension of Mobile Harbor
$VWHFKQLFDOVSHFLILFDWLRQRI0+ WZR W\SHVZLWKGLIIHUHQW IXQFWLRQDQG
GLPHQVLRQDUHSUHSDUHGE\.$,67.RUHD$GYDQFHG ,QVWLWXWHRI6FLHQFH
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FRPSDUHG WRURDG WUXFN LWKDVDVOLJKWDGYDQWDJHRIGLVWDQFHZLWKLQVKRUW
UDQJH
7DEOH!'LPHQVLRQRI0RELOH+DUERUE\7\SH
7\SH ,QWHJUDWHG 6HSDUDWHG$W\SH0+ZLWK&UDQH %W\SH0+ZLWK&UDQH
6SHHG aNWV NWV n/a
'UDIW P P n/a
/2$ P P aP
0++HLJKWRI
)XOO&DSDFLW\ P P n/a
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&RQVLGHULQJWKHIDFWRUVWREHPHQWLRQHGIRUPRGDOVKLIWWKHXWLOLW\IXQFWLRQ
E\DSSO\LQJ WKH IRUPXODWLRQ LQWURGXFHGE\%ODXZHQVDQG9DQGH9RRUGH
ZKLFKFDQEHH[SDQGHGDV









Vn(x) Tm  1XPEHURI7(8,QWHUHVWSHUGD\&DUJRFRVWSHUFRQWDLQHU
7UDQVLWWLPH      
,Q RUGHU WR GUDZ FDUJR FRVW SHU FRQWDLQHU LW LV HIILFLHQW WR FROOHFW
UHSUHVHQWDWLYHSURGXFWVZKLFKFRQVLVWRIFRPSXWHU WRPRJUDSK\PDFKLQH
ZKLVN\DQGSRO\HWK\OHQHIURPSRSXODWLRQ(DFKSURGXFW UHSUHVHQWVKLJK
PLGGOHDQG ORZYDOXHJURXS$FFRUGLQJ WR.RUHD&XVWRPV6WDWLVWLFV IRU
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7DEOH!:HLJKWDQGSULFHRILPSRUWDQGH[SRUWFDUJR

















FDQQRWEHGHILQHG WRWDOFRVWRI VHUYLFHFDQEHFRPSXWHG LQ WKHVFRSHRI




















IURPRULJLQSRUW WRGHVWLQDWLRQDUH VHWXS LQFRQVLGHULQJ URXWHGLVWDQFH
GHPDQGYROXPHDQGKLQWHUODQGLQGXVWU\,QWKHPRGHOWKHQXPEHURIYR\DJH
URXWHVLVGH¿QHGDVPDQGGDLO\UXQQLQJFRVWLVGH¿QHG+F7KHEXQNHUFRVW
SHU WRQ LVGHILQHG%FDQGGDLO\EXQNHUFRQVXPSWLRQ LQQDYLJDWLRQDQG LQ
SRUW LVGH¿QHG)PDQG)SHDFK1DYLJDWLRQWLPHDQGSRUW WLPHLQKRXUXQLW
LVGHILQHG7PDQG7S$FFRUGLQJWRWKHDERYHGHILQLWLRQGDLO\EXQNHUFRVW
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,I WKUHH W\SHVRIFRVWZKLFKDUH UXQQLQJFRVWEXQNHUFRVWDQGSRUWGXHV
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7KH DLPRI WKH SDSHU LV WR ILQG SRWHQWLDO IRUPRGDO VKLIW IURP URDG
WUDQVSRUWDWLRQ WRPRELOHKDUERU WUDQVSRUWDWLRQ7RDWWDLQ WKHREMHFWLYH









$VD UHVXOWQDXWLFDOPLOHV LVDGHFLVLYHSRLQW WRZLQ WKHURDGPRGH
UHJDUGOHVVRI VKLS¶V VSHHG ,IGLVWDQFH LVPRUH WKDQQDXWLFDOPLOHV
PRELOHKDUERUKDV WKHFRPSHWLWLYHDGYDQWDJH LQSXOOLQJFDUJR IURPURDG
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